Viruses in the family Adenoviridae have a linear doublestranded DNA genome, multiply within the nucleus of infected cells, have icosahedral symmetry, and lack an envelope; mature particles are 65-80 nm in diameter.14 There are a variety of reports of adenovirus infection in reptiles. In juvenile Nile crocodiles, Crocodylus niloticus, intranuclear inclusions were seen by light microscopy in intestinal epithelial cells and hepatocytes and were subsequently found by electron microscopy to be composed of particles consistent with those ofan a d e n o v i r~s .~ Adenovirus infections also have been identified in boa constrictors (Boa constrictor),1° rosy boas (Lichanura r o s e f~s c a ) ,~~ rat snakes (Elaphe ~p p . ) ,~ and a Gaboon viper (Bitis gabonica).6 Among lizards, adenovirus infections have been reported in a savannah monitor (Varanus exanthematicus),Il Jackson's chameleon (Chamaeleo jacksoni),* bearded dragon (Amphibolurus barbatus),I2 and Rankin's dragon (Pogona henryla~soni).~ In all of these reports, viral inclusions were observed in the gastrointestinal system, the liver, or both. Although the adenoviruses in the above reports were associated with health problems, Koch's postulates have only been confirmed in one case.l0 No studies have demonstrated the prevalence of adenoviral infections in clinically healthy reptiles.
A virus originally referred to as an adeno-satellite virus and an adeno-associated virus was given the generic name Dependovirus (family Parvoviridae) in 198 1 by the International Committee on Taxonomy of Viruses.2 This virus is icosahedral, with a diameter of 18-28 nm.' It was originally discovered as a contaminant of adenovirus preparations, with physical, chemical, and immunologic characteristics distinct from those of adenoviruses. Dependovirus is unique in that it is defective, requiring the presence of an adenovirus for replication. It is rescued from an integrated state in host cells coinfected with adenovir~s.~ It has never been associated with disease in infected hosts. In reptiles, parvovirus infection has been described in intestinal epithelium of rat snakes (Elaphe quatuorlineata, E. longissirna) coinfected with an adenovirus6 Here we report coinfection of a captive-bred neonatal bearded dragon, Pogona vitticeps, with both adenovirus-like and dependovirus-like viruses.
Four neonatal bearded dragons, approximately 6 g, died or were euthanatized, and no gross lesions were seen at necropsy. Multiple tissues were collected and submitted in neutral buffered 10% formalin for microscopic evaluation. One lizard (No. 1) was from a collection in California, and three lizards (Nos. 2-4) were from a collection in Iowa. No history was available other than that the lizards were captive bred. These lizards developed progressive weakness and anorexia starting 2 weeks prior to death. The diet consisted of crickets supplemented with a mineralhitamin preparation. Examination of a fecal sample from lizard No. 1 indicated the presence of a coccidial protozoan.
At necropsy, no gross abnormalities were observed. Multiple tissues were collected and embedded in paraffin, sectioned at 7 pm, and stained with hematoxylin and eosin (HE). Portions of paraffin-embedded liver of lizard No. 1 and small intestine of lizard No. 2 were deparaffinized in xylene for 30 minutes, transferred to 100% ethanol, cut into 1 -mm3 pieces, and hydrated in water. The samples were then fixed in 2% osmium tetroxide for 1 hour, rinsed three times in distilled water, dehydrated ingraded solutions from 25% ethanol through 100% acetone, and embedded in Spurr's resin. 16 Thin sections were cut, placed on copper grids, stained with uranyl acetate and lead citrate, and viewed on an H-7 Hitachi electron microscope.
Histologic examination of the small intestine of lizard No. 1 indicated the presence of various stages of a coccidian. Multifocal severe acute coagulative hepatocellular necrosis was noted with multifocal mild subacute lymphocytic inflammation. Within numerous hepatocytes associated with these large randomly distributed regions of hepatic necrosis, there were basophilic intranuclear inclusions (Fig. 1) . Some inclusions were centrally located, with a peripheral halo and margination of chromatin material. In other cells, the inclusion completely filled and distended the nucleus. In some cells there was karyolysis, with remnants of the inclusion seen as basophilic globules scattered throughout the cytoplasm. Nuclei that lacked inclusions were 4.4-8.8 pm, whereas nuclei with inclusions were 9.9-17.6 pm. In lizard Nos. 2-4, basophilic intranuclear inclusions were seen in enterocytes scattered throughout the small intestine (Fig. 2) ; in one lizard, one intranuclear inclusion was seen within the liver. The nuclei of unaffected enterocytes were 5-8 pm, whereas inclusion-bearing nuclei were 8-10 pm. No coccidia were seen in the intestinal tracts of these lizards.
Electron microscopy revealed that approximately one in five hepatic cells in lizard No. 1 had a uniform population of intranuclear particles. In many cases, particles completely filled the nucleus. In approximately one of 20 infected nuclei, electron-dense areas with a beaded appearance were also seen (Fig. 3) . At a higher magnification, these cells were seen to be coinfected with two distinct viral particles (Fig. 4) . The large, more numerous particles had hexagonal outlines and electron-dense or electron-lucent cores and were 60-66 nm in diameter. No envelope was apparent at the nuclear membrane. The smaller particles were 15-1 7 nm in diameter and had electron-dense or electron-lucent cores and round to hexagonal outlines. These smaller particles were either scattered individually throughout the nucleus or were organized as arrays. In many infected cells, the nuclear membrane was no longer recognizable, with both types of viral particles scattered throughout the cytoplasm. In lizard No. 2, only the larger particles were seen within the nuclei of enterocytes (Fig. 5) .
Morphogenesis, size, and location of the larger virus seen in the bearded dragons were consistent with characteristics of the family Adenoviridae. Adenoviruses have been previously described from a captive bearded dragon in New Zealand') and in captive-bred Rankin's dragons in the United Statese4 This virus appears to be established in certain breeding groups of the lizard genus Pogona (bearded dragons) in the United States, and although transmission studies have not been conducted, vertical transmission through the egg in utero or at the time of oviposition seems a likely route. Adults may survive as inapparent carriers. The lizards of the present report were hatched from eggs incubated remotely from parents; thus, they were never in direct contact with parents.
In addition to the adenovirus-like virus seen in infected hepatocytes and enterocytes, a second smaller virus was occasionally seen in adenovirus-like virus-infected hepatocellular nuclei of one lizard. Based on the morphology of the virus and coinfection with adenovirus-like virus, the smaller virus was considered a member of the genus Dependovirus.
There is only one previous report of a virus resembling Dependovirus in a reptile. 6 One of us ( E N ) has seen coccidiosis as a common problem in captive-bred bearded dragons. Isospora amphiboluri has been identified in bearded dragons in Australia' and in captive bearded dragons in the United States." Coccidia were seen in a fecal sample of one of the four lizards evaluated in this report and various stages of this organism were seen throughout the small intestine of this lizard. Coccidia were not seen in the three lizards from a second collection. Although species of coccidia have few pathogenic effects under normal conditions, in some circumstances they may be clinically significant.l In the current report, it was impossible to determine the pathogenicity of this parasite in the affected lizard. Because coccidiosis was not present in the other lizards, viral infection alone may explain the illness seen in these lizards. Virus isolation and transmission studies need to be conducted to confirm a causal relationship.
